The control and monitoring of radioactive elements in foodstuffs is fundamental for human health maintenance. This work presents procedures to measure radioactivity levels in powdered milk samples and also a brief discussion of radionuclide transference from the environment to mankind. The measurements were performed utilizing a high-resolution gamma-ray spectrometer using an HPGe detector. The results allowed the quantification of 40 Tl the lower level of detection was, respectively, 3.7 ± 1.1 and 0.5 ± 0.2 (Bq/kg). The results obtained for the milk samples were compared to data found in the literature and to the limits established by the Brazilian National Commission of Nuclear Energy (CNEN) to assure its safety to human consuption.
-INTRODUCTION
Measurements of radioactivity in environment and in foodstuffs are extremely important for controlling radiation levels to which mankind is direct or indirectly exposed. Besides natural racionuclides, due to several nuclear weapon tests and numerous nuclear reactor accidents, various artificial radioactive elements were introduced in the biosphere. Another important fact is that, importation of contaminated food from any region that suffered a nuclear accident, can be indirectly affect people health around the world [7] .
The most important radionuclides associated to internal radiation exposure (due to ingestion of contaminated water and food) and the contamination of the environment, are 134 Cs, 137 Cs, 137m Ba, 131 I, 89 Sr, 90 Sr, 238 Pu, 239 Pu, 241 Am, 242 Cm and tritium. With regard to milk, radionuclides of specific interest are 134 Cs, 137 Cs, 131 I, 89 Sr, 90 Sr [3] . As they decay at different rates, the doses from these elements and other radionuclides, are delivered in different manners. Cs and other radionuclides found in foodstuffs of countries at the North hemisphere is very abundant. In the other hand, in countries in the South hemisphere, especially in Latin America, there are few studies about this matter. In Brazil, most of the quantitative data about natural radioactivity was obtained in Rio de Janeiro State. In this region several products like milk, meat, leafy vegetgables, fruit, root, bean, rice and derived products (sugar, coffee, flour, etc) [5, 10] were analyzed. A detailed research about radiation levels in milk can be found in SANTOS FILHO & KRETER [11] and DE NADAI et al. [2] .
Investigation of 137 Cs, 90 Sr and 40 K levels in milk and its products are monitored in a numerous regions of the world [4, 6, 12, 17] .
Annual radiation doses exibit peaks in 1958-1960 and 1963-1964 (years where nuclear weapon tests had their apex). Sr in foodstuffs at that time. Only 12% of these doses had been delivered by 1980, the remainder doses will be delivered over millions of years [15] .
Radionuclides sources on human diet are come mainly from milk, meat and other products more frequently consumed. Powdered milk, is an important ingredient used to make cookies, ice cream, yogurt, chocolate, powdered chocolate and many others human aliments. Also, it is the main source of nutrients for newborn childer and its more pratical to be stored. Tl) com as respectivas atividades médias, em Bq/Kg, 482 ± 37, 5,1 -11,2 and 1,6 -3,7. Os resultados foram comparados com os limites estabelecidos pela Comissão Nacional de Energia Nuclear (CNEN), apresentando níveis normais para os leites analisados, podendo ser consumido sem restrições. Palavras-chave: radioatividade; espectrometria gama; leite.
RESUMO
Natural radiation levels in powdered milk samples, Melquiades & Appoloni Although, higher concentrations of radionuclides are found in powered milk as compared with in natura milk (around 8.5 liters of in natura milk are necessary to produce 1.0kg of powdered milk). So its essential to check if its radiation levels do not signify any risk to human health. FIGURE 1. Levels of Strontium-90 and Caesium-137 in the total diet, compared with the annual yield from atmospheric nuclear tests. Note the much higher exposures in the northern hemisphere (New York and Denmark) than in the southern hemisphere (Argentina) [16] .
Brazilian National Commission of Nuclear Energy [14] established radioactive limits for powdered milk and other products. The maximum value for the sum of 134 Cs and 137 Cs in powdered milk is 370Bq/kg and 600Bq/kg for other kinds of food.
The objective of this work is to identify and quantify radionuclides in powdered milk samples produced in Londrina, Paraná, a region located in South part of Brazil. Also is discussed, briefly, its impact in the transference of radionuclides from the environment to the man.
-ORIGIN OF THE RADIONUCLIDES IN FOODSTUFFS
Main source of radionuclides in foodstuffs comes from artificial radioactive elements, due to the "fallout", i.e., the precipitation or deposition of radioactive elements on terrestrial surface. Superficial tests of nuclear bombs and nuclear reactors accidents caused the appearance of several artificial radioactive elements. Leak of nuclear reactors originated local fallouts, that mainly contaminates regions around the nuclear factory. Otherwise, superficial tests using nuclear bombs could originate local, regional or global fallout, depending on the magnitude of the explosion, and the height of the radioactive cloud.
In a global scale, radionuclide elements coming form the fallout incorporates in biosphere. These elements present in atmosphere contaminate plants, soil and water and by different ways contaminate the environment. The radioactive elements transport in environment involves transference among three primary components: vegetation, soil and water [09] . Figure 2 shows Figure 3 , describes the cycle of radionuclides incorporation in the soil until its finally absorption for the man. Greatest contamination are achieved when cows graze during fallout periods ingesting pasture grass and soil [13] . Even if they are kept indoors, contamination of milk may occur by inhalation of radionuclides or ingesting them in drinking water and contaminated feed. Milk from goat and sheep, should be checked periodically over a longer period because their grazing habits [15] . 
-MATERIALS AND METHODS
Two different brands of cow powdered milk, produced in the region of Londrina, were analyzed by highresolution gamma-ray spectrometry. A coaxial HPGe Natural radiation levels in powdered milk samples, Melquiades & Appoloni (High Purity Ge crystal) detector with 10% relative efficiency, coupled to a standard nuclear electronics associated to an 8K multichannel card was used. The total energy resolution measured was 1.95keV for the 1408.12keV line and 1.39keV for the 344.28keV line, both emitted from 152 Eu radionuclides.
A number of tests were performed to define system shield, sample geometry, number of samples (by statistical inference) and self absorption correction [7, 8] .
The two milk brands analyzed named here as, Milk 1 and Milk 2, were put in 2.1 liters Marinelli beakers, and their net mass varied from 1130 to 1230g. Table 1 presents the main samples characteristics. Three measurements of 172800s were performed to record the sample and background radioactivity levels. Also, to monitor the system calibration during the experiments, it was measured the radiation emited from an 152 Eu source for 24h period. The radionuclides activity of the samples was calculated according to the expression [3] : (1) where A is radionuclide activity of interest, t is the count time (172800s), m is the net sample mass, N L is the net count under the analyzed radionuclide peak, f is the self absorption factor and a a calibration factor, calculated using certified samples, IAEA 375 and IAEA 326. The a factor includes detector efficiency and branching ratio factor of the gamma line.
-RESULTS & DISCUSSION
In the obtained milk samples spectra it was possible to identify clearly the 1460.8keV line ( 40 K), and also, with some difficulty due to the very low activity, the 661.22keV ( 137 Cs) and 2614.4keV ( 208 Tl) lines. The lower level of detection for these three lines were, respectively, 2.3, 3.7 and 0.5Bq/kg, obtained according to IAEA norms [3] . The results for Milk 1 and Milk 2 are summarized in Table 2 . A spectrum of Milk 1 (very similar to Milk 2) is shown in Figure 4 . As 137 Cs activity was low and the background was relatively high the peak due to 137 Cs was not visible.
In Table 3 , the obtained results are compared with some data from imported milks encountered in Brazil [2] , and with some measurements performed in Venezuela [4] . All results presented in this table were obtained by the same technique and the activity values were found in the range measured for these radionuclides reported to other milk brands. [2] , (b) [4] to that ones found in the reference [17] . For the comparison, the results presented in Table 2 were converted to liquid milk, employing the "reduction factor" of 8.5, supplied by the producer (8.5 liters of natural milk to produce one kilogram of powdered milk). Th activities in milk samples. Tl data, assuming the secular equilibrium between this samples. Statistical data analysis confirmed the measurements quality and showed the equivalence among repetitions.
-CONCLUSIONS
The values of activity found to 137 Cs are lower than 10% of maximum level recommended by Brazilian National Commission of Nuclear Energy (CNEN) [1] . At the opposite, the 40 K activity was bigger. As the potassium is rough uniformly distributed in the body, folows intaked in foods, and its concentration in the body is under homeostatic control [14] , it is less dangerous for human health than 137 Cs.
In general terms, it can be concluded that the implemented technique presented good results when compared with other literature data. Also it can be concluded that milks here analysed are safe for human consuption because their radioactivity levels are lower than the maximum levels permitted by CNEN [1] . 
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